Genetic testing may enable early disease detection, targeted surveillance, and result in effective prevention strategies. Knowledge of genetic risk may also enable behavioral change. However, the impact of carrier status from the psychological, behavior, and perceived risk perspectives is not well understood. We conducted a systematic review to summarize the available literature on these elements. An extensive literature review was performed to identify studies that measured the perceived risk, psychological, and/or behavioral impacts of genetic testing on individuals. The search was not limited to specific diseases but excluded the impacts of testing for single gene disorders. A total of 35 articles and 30 studies were included. The studies evaluated hereditary nonpolyposis colorectal carcinoma, hereditary breast and ovarian cancer, and Alzheimer disease. For affective outcomes, the majority of the studies reported negative effects on carriers but these were short-lived. For behavioral outcomes, an increase in screening behavior of varying rates was demonstrated in carriers but the change in behaviors was less than expected. With respect to perceived risk, there were generally no differences between carriers and noncarriers by 12 months after genetic testing and over time risk perception decreased. Overall, predispositional genetic testing has no significant impact on psychological outcomes, little effect on behavior, and did not change perceived risk. It seems as though better patient education strategies are required. Our data would suggest better knowledge among carriers would not have significant psychological impacts and therefore, it is worth pursuing improved educational strategies. Genet Med 2008:10(1):19 -32.
The recent identification of various gene mutations associated with disease has made possible the use of mutation analysis to identify unaffected individuals at increased risk of specific conditions. Genetic testing thus has the potential to lower morbidity and mortality through early disease detection and targeted surveillance and prevention strategies. For some conditions, such as multiple endocrine neoplasia type 2 and Huntington disease, genetic testing is highly predictive. However, for multifactorial diseases such as colorectal cancer, breast and ovarian cancer, and Alzheimer disease (AD), genetic testing is less determinative and more "predispositional" in nature. In these cases, genetic risk prediction can help identify individuals at increased risk but, doing so may result in increased distress, anxiety, and stigmatization.
The focus in genetics research has recently been the impact of testing on individuals and their families. To date, the majority of published research on complex disorders has focused on hereditary forms of colorectal, breast, and ovarian cancers, and Alzheimer disease although the latter is not currently used for clinical purposes. Colorectal cancer is one of the most common cancers in North America. The cumulative lifetime risk of colorectal cancer for the average individual is estimated to be around 5-6%. 1 Hereditary nonpolyposis colorectal carcinoma (HNPCC) is the most common hereditary colon cancer syndrome and is associated with one of five germline mutations (hMSH2, hMLH1, PMS1, PMS2, and hMSH6). [2] [3] [4] [5] Mutations in these genes result in a lifetime colorectal cancer risk of approximately 80 -85%. 6, 7 Women with either a BRCA1 or BRCA2 gene mutation have a 56 -87% and 10 -60% lifetime risk of breast and ovarian cancer, respectively, compared with the general white population risks of 12.67 and 1.44%. 8 Increased risk of AD is associated with the apolipoprotein E4 allele. In comparison with other apolipoprotein E genotypes, the presence of this allele is associated with approximately a 3-fold increase in risk of AD; two copies of the allele increases risk 15-to 30-fold. 9 As the genetic basis for complex multifactorial illnesses continues to be established, testing for relevant predispositional genes may become a legitimate element of clinical diagnosis and management of these illnesses. As this situation evolves, it is important to examine the implications of genetic testing from the perspectives of patients and their families. A number of reviews investigating the impact of genetic counseling and testing have been published. For the most part, these reviews have focused on predictive testing, single mutations (e.g., BRCA1/2), genetic counseling alone, perceived risk, psychological impacts alone, or behavioral impacts alone. Few reviews have focused on predispositional testing or have examined the collective psychological and behavioral impacts of testing. The aim of this review is therefore to summarize recently published data describing the perceived risk, affective and behavioral impacts of undergoing predispositional genetic testing.
METHODS

Search strategy
Five electronic databases were searched using the OVID search interface: MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials, CINAHL, and PsycINFO. Each database search was conducted during the week of November 27, 2006 , and all search results were limited to the years 2000 -2006 . A detailed search strategy was developed for use in MEDLINE and then adapted for each database. Search terms were based on the general categories of genetics and genetic testing, psychological factors and behavioral factors ( Table 1) . The reference lists of all relevant articles (including reviews) were examined for reports of additional studies, and retrieved by searching bibliographic databases and electronic journals. Also, the Science Citation Index (via Web of Science) was searched to find reports that had cited relevant studies. Key authors in this subject area were identified from these studies and used as additional search terms in the five electronic databases listed earlier.
Selection of eligible articles
Studies were included in this review if they (1) were published in a peer-reviewed journal in English; (2) included adult, human subjects; (3) evaluated the perceived risk, psychological, and/or behavioral impacts of genetic testing on individuals with a family history of any multifactorial adult onset genetic disorder; and (4) reported separate results for carriers and/or noncarriers. Studies were excluded if they (1) assessed only the intention to undergo genetic testing; (2) assessed the impacts of genetic counseling where subjects did not receive genetic test results; (3) assessed the impacts of genetic testing where subjects were already affected with the disorder in question (or where results were combined for affected and unaffected subjects); (4) assessed the impacts of testing for single gene disorders (e.g., Huntington disease); and (5) were studies of prenatal or childhood genetic testing.
Both randomized controlled trials and prospective studies were considered for this review, whereas qualitative studies and case reports were excluded. Outcomes of interest were perceived risk, affective (e.g., general distress, anxiety, depression, and disorder-specific worry), and behavioral (e.g., surveillance, screening uptake, lifestyle changes). With respect to perceived risk and affective outcomes, pre-and posttest data were required for inclusion. Posttest data alone for behavioral outcomes were sufficient for inclusion.
Reviews, editorials, letters to the editor, book reviews, and commentaries were excluded. A single reviewer independently screened the titles and abstracts of each remaining citation, and excluded studies based on the inclusion/exclusion criteria. If it was unclear whether the study met these criteria, the reviewer obtained the full text of the report for independent assessment. Two reviewers independently assessed the eligibility of all potentially eligible full-text studies, and any discrepancies were resolved through discussion and/or a third reviewer. All excluded studies and reasons for exclusion were documented.
Information extraction
Two reviewers independently abstracted data from all studies meeting the inclusion criteria using a piloted information extraction sheet. Discrepancies were resolved through discussion. Information was collected regarding study characteristics, study design, population, and outcomes (perceived risk, affective, behavioral). The reviewers were not blinded to the names of authors, journal, or institutions.
Quality assessment
A formal quality assessment was not performed, as the vast majority of studies were prospective, nonrandomized studies, and all well-validated quality assessment tools are intended for use with randomized controlled trials.
RESULTS
Study characteristics
A flow diagram of the search results is illustrated in Figure 1 . The electronic database searches generated 1289 citations; from these abstracts, 139 reports were fully reviewed for eligibility. From these reports, a total of 35 articles and 30 studies met the inclusion criteria for the review (Table 2) . In three instances, two separate studies were published using data collected from one large population. 11, 12 However, because each study seemed to use different subsamples from the one larger population, or reported different outcome measures in each article, they were considered as separate studies.
In total, 16 studies assessed the impacts of genetic testing for hereditary breast and ovarian cancer (HBOC), [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] 11 for HNPCC, [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] one for both HBOC and HNPCC, 42 and two for AD. 43, 44 In the studies on HBOC, the vast majority of participants were female. One study included both men and women 13 whereas another was specifically designed to assess the impact of genetic testing on behavior in men. 14 Studies on HNPCC and AD included both male and female participants. Affective outcomes measured in the studies included disorder-specific distress, general and state anxiety, depression, mood state, cancer worry, general distress, and psychiatric diagnosis. Table 3 summarizes the general and specific outcome measures of the studies included in this review. Behavioral outcomes included surveillance behaviors (e.g., mammography, breast exams, transvaginal ultrasound, colonoscopy), prophylactic surgery (e.g., bilateral mastectomy or oophorectomy), and other preventive behaviors (e.g., chemotherapeutics, diet, exercise).
Affective outcomes
The studies assessing the impact of genetic testing for HBOC, HNPCC, and AD on affective outcomes pre-and posttesting in mutation carriers and noncarriers, and between carriers and noncarriers, are summarized in Table 4 . General and specific distress, anxiety, depression, and worry were the outcome measures studies most frequently measured and will therefore be the focus of review.
General distress
Seven studies assessed general distress after genetic testing. The instruments used to assess general distress included the hospital anxiety and depression scale (HADS), the general health questionnaire-28, the Hopkins symptom checklist-25 or the symptom checklist-90. The majority of studies, irrespective of disease, found no effect of genetic testing for either carriers or noncarriers. Similarly, most studies found no difference between carriers and noncarriers after disclosure of test results. Two studies on HBOC 13, 19 found that general distress was higher in carriers compared with noncarriers in the short term (i.e., 1 week to 4 months), whereas one study on HNPCC found that, while there was no change in distress for carriers in the long term (i.e., 12 months), noncarriers had lower general distress than carriers at 12 months follow-up. 33 An additional study found that not only did noncarriers have lower distress at 12 months, but so did carriers opting for surveillance strategies when compared with carriers opting for prophylactic mastectomy. 22 Neither of the studies on AD assessed the impact of genetic testing on general distress.
Specific distress
Sixteen studies examined the impact of genetic testing on cancer-specific distress, all using the impact of events scale. Eleven of these studies were on HBOC, four were on HNPCC, and one was on AD.
For HBOC, the majority of studies reported decreases in specific distress in the short term (i.e., 1 month) and the long term (i.e., 12 months) irrespective of carrier status. Two studies found no effect of genetic testing on specific distress in either carriers or noncarriers, or between groups. 21, 28 A single study found that cancer-specific distress increased in carriers in the very short term (i.e., 2 weeks). 30 An equal number of studies (n ϭ 2) found a decrease in specific distress in noncarriers compared with carriers or no difference between the two groups. A single study found specific distress increased in carriers compared with noncarriers at 1, 4, and 12 months. 13 For HNPCC mutation carriers, studies found that genetic testing either had no effect on cancer-specific distress, or noted that distress increased in the short term (i.e., 2 weeks) and then returned to baseline levels. For noncarriers, specific distress either decreased after test result disclosure or did not change. In comparing carriers and noncarriers, noncarriers generally had lower cancer-specific distress than carriers. One study reported no difference between groups, but specific distress in this study was only assessed at 1 month after disclosure of genetic test results. 33 Similarly, the single study assessing specific distress after genetic testing for AD reported no effect in carriers over time, but lower specific distress in noncarriers than carriers at all time points (6 weeks, 6 months, and 12 months).
Anxiety
Fifteen studies measured anxiety after genetic testing, most using the State-Trait Anxiety Inventory, two studies the HADS; one used the Beck Anxiety Inventory. 43 For HBOC, 13 studies reported no difference between pretest and posttest anxiety levels among carriers at 12 months. One study found that anxiety had decreased 1 month posttest, 11 a second larger study found it had increased at 2 weeks, 30 and a third found increased levels of anxiety at 5 years when compared with 1 year. 21 Results were similar for noncarriers, with the majority of studies reporting no effect of testing on anxiety levels. Of studies comparing anxiety levels in carriers and noncarriers, all reported no difference between groups.
For HNPCC, anxiety levels were generally increased in carriers in the short term (i.e., at disclosure of test results and 2 weeks' posttest), but had returned to baseline levels or lower by 12 months. Anxiety levels in noncarriers were decreased at disclosure of test results or 1-month posttest, but, as with carriers, had returned to baseline levels or lower by 12 months. Comparisons between carriers and noncarriers demonstrated that carriers generally had higher levels of anxiety than noncarriers at disclosure of test results, but at subsequent time points anxiety levels were similar between groups.
A single study examined the impacts of genetic testing for both HBOC and HNPCC on anxiety. 42 Anxiety levels in both carriers and noncarriers decreased from pretest levels over the course of 12 months and there were no differences between the two groups. Similarly, one study assessing anxiety after genetic testing for AD reported no differences between carriers and noncarriers at 6 weeks, 6 months, or 12 months.
Depression
Ten studies measured the impact of genetic testing for HBOC, HNPCC, and AD on depression using either the Center for Epidemiologic Studies Depression Scale or HADS. For all three diseases, the vast majority of studies reported no effect of genetic testing on depression scores in either carriers or noncarriers. Two studies, one on HBOC and the other on HNPCC, reported a brief increase in depression at 2 weeks posttest in carriers. 30, 35 Also, one study on HNPCC reported decreased depression scores at 1 month, 44 whereas another found scores to be lower at 4 months. 25 There were no differences in depression scores between groups for HBOC, HNPCC, or AD at any time point beyond 2 weeks.
Worry
Three studies, one each on HBOC, HNPCC, and AD, assessed the impact of genetic testing on worry. The results of these three studies were conflicting: one reported increased worry in carriers and decreased worry in noncarriers at 2 weeks, 35 one found less worry in both carriers and noncarriers at 1 month, 44 whereas the third reported increased worry in carriers compared with noncarriers throughout the 12-month follow-up period. 13 
Behavioral outcomes
The studies assessing behavioral outcome measures are summarized in Table 5 . Self-reported screening practices and prophylactic surgery were the main outcome measures.
Screening behavior
For HBOC, behaviors assessed included mammography, breast self-examination (BSE), and clinical breast examination (CBE) for breast cancer screening, and transvaginal ultrasound and cancer antigen (Ca)-125 measurement for ovarian cancer screening. Additionally, one study examined the impact of genetic testing on the use of prostate-specific antigen and digital rectal examination for screening purposes in men.
Mammography screening rates for the 12 months after disclosure of genetic test results ranged from 59 to 92% in BRCA1/2 carriers and 30 to 53% in noncarriers. Most studies found that mammography rates increased in carriers postdisclosure in comparison with rates from the 12 months predisclosure. Although two studies reported increased 12-month rates in noncarriers as well, 16 most studies found that mammography use was higher in carriers than in noncarriers. Similarly, while the use of BSE and CBE increased in both carriers and noncarriers after genetic testing, a greater proportion of carriers used these modalities than noncarriers. Combined use of BSE and CBE ranged from 90 to 95% in carriers and 77 to 89% in noncarriers.
Use of transvaginal ultrasound and Ca-125 for ovarian cancer screening after genetic testing was also increased to a greater extent in carriers than in noncarriers, with rates of these tests ranging from 15 to 59% and 21 to 32% in carriers, and 5 to 8% and 5 to 6% in noncarriers, respectively.
For HNPCC, the main behavioral outcome measure was having a colonoscopy. As with breast and ovarian cancer screening, colonoscopy increased within the 12 months after genetic testing in carriers in comparison with noncarriers. Rates of colonoscopy ranged from 58 to 100% in carriers and 0 to 40.5% in noncarriers. However, one study found decreased use of sigmoidoscopy or colonoscopy in carriers at 12 months compared with baseline or pretest levels. 36 
Prophylactic surgery
Eight studies reported rates of prophylactic surgery for HBOC in carriers in the 12 months after genetic testing. Rates varied from 0 to 51% for mastectomies and 13 to 65% for oophorectomies. One additional study on HNPCC found that 9.5% of female carriers had had a hysterectomy in the 12 months postdisclosure. 34 
Use of chemotherapeutics and other health-related behaviors
Two studies found that 20 -22.2% of female BRCA1/2 carriers were using or had used chemotherapeutics (i.e., tamoxifen, raloxifene) to prevent breast cancer. 12, 26 Also, two studies examined the impact of genetic testing on general health behaviors. 13, 43 Although 43-52% of subjects tested for HBOC reported having made lifestyle changes believed to promote health and/or reduce cancer risk (e.g., change diet, exercise, quit smoking) since being tested, both carriers and noncarriers, and males and females, made similar changes. Conversely, apolipoprotein E4 carriers were reported to be more likely than noncarriers to report engagement in activities believed to potentially lower their risk of AD after disclosure of genetic test results. 
Systematic review of genetic testing
Perceived risk
The seven studies on HBOC and HNPCC that assessed risk perception after genetic testing are summarized in Table 6 . Although one study reported that noncarriers had lower perceived risk of HBOC than carriers at 6 months, 29 there were generally no differences in risk perception of HBOC or HNPCC between carriers and noncarriers by 12 months after genetic testing. Two studies reported increased perceived risk in carriers in the short term (i.e., 1-month posttest), 13, 31 but overall risk perception in carriers was either the same or lower than pretest levels at 12 months. Nearly all studies found that perceived risk of HBOC and HNPCC in carriers was lower 12 months posttest compared with before undergoing genetic testing.
DISCUSSION
Genetic testing has the potential to reduce morbidity and mortality by enabling early identification of individuals at increased risk for various heritable conditions, thereby allowing targeted surveillance and management. Research has only recently begun to examine the effects of predictive and predispositional genetic testing on individuals and their families. Many reviews have focused patients after detection of a single mutation (e.g., BRCA1/2), whereas others have focused only on psychological [45] [46] [47] or behavioral outcomes. 48 This review is the first, to our knowledge, to summarize the collective perceived risk, affective and behavioral impacts before and after predispositional genetic testing among unaffected individuals.
Reviews on the psychological impact of genetic testing have reported either no change in psychological outcomes among unaffected mutation carriers relative to baseline 45, 46 or decreased anxiety and worry after genetic testing. 47 Meiser 45 noted that some studies have consistently shown short-term increases in anxiety among unaffected carriers. Results regarding depression have been mixed. We found that overall genetic testing had no impact of psychological outcomes such as general and specific distress, anxiety, or depression in either carriers or noncarriers. These results held true regardless of the measurement tools used or whether results were reported separately (e.g., anxiety, depression) or combined (as for the results of general distress that may have also included anxiety and depression). We also noted the trend in some studies for there to be short-term (i.e., up to 4 months) increases in some of these measures among carriers, although this trend disappeared with time. The impact of genetic testing on worry was less clear and only a few studies in our review assessed this outcome measure. Few reviews have evaluated the impact of genetic testing on screening practices and rates of prophylactic surgery. Behavioral outcome data were mainly limited to breast, ovarian, and colorectal cancer screening, and prophylactic surgery. Wainberg and Husted 48 reported that rates of prophylactic mastectomy and oophorectomy among carriers varied between studies, but overall ranged from 0 to 54%, and 13 to 53%, 16 Prospective N ϭ 37 C, 92 NC Base, 1-2 wk, 4-6 mo, 12 mo, 24 mo Self-reported screening and surgery Mammography: increased use at 12 mo, 24 mo in both C (62%, 57%) and NC (53%, 49%); no differences between groups BSE: increased use at 24 mo in C (83%) and NC (74%); no differences between groups CBE: increased use at 12 mo in C (95%) vs. NC (77%) TVUS: increased use at 12 mo in C (26%) vs. NC (5%) Ca-125: increased use at 12 mo, 24 mo in C (32%, 37%) vs. NC (5%, 5%) Mastectomy: none Oophorectomy: 46% of C by 24 mo
Kinney et al. 12 Prospective N ϭ 10 C, 20 NC Base, 12 mo 23 Prospective N ϭ 290 C, 370 NC Base, mean 5.2 yr Self-reported screening and surgery Mammography: increased use in both C and NC after disclosure BSE: increased use in both C and NC after disclosure CBE: no change in either C or NC after disclosure TVUS: increased use in both C and NC after disclosure; use higher in C vs. NC Ca-125: increased use in C after disclosure Mastectomy: increased from 13% of C before carrier status disclosure to 25.5% after Oophorectomy: increased from 17.9% of C before carrier status disclosure to 65% after (Continued) respectively. Women tended to opt for oophorectomy slightly more often than mastectomy. This is consistent with our findings: rates of mastectomy and oophorectomy among our studies were 0 to 51%, and 13 to 65%, respectively. We also noted that women who opted for prophylactic surgery over surveillance tended to have surgery within the first year after genetic testing. Our review suggests that breast cancer screening rates are high and similar among carriers and noncarriers, whereas ovarian and colorectal cancer screening rates seem to be higher among carriers posttest compared with noncarriers. This may be attributable to the degree of invasiveness associated with screening procedures, but is also influenced by age of participants, as screening recommendations are different for older individuals than for younger. Studies on colonoscopy screening uptake among unaffected individuals suggest that most carriers underwent colonoscopy within 12 to 24 months after genetic testing.
In examining the impact of genetic testing on risk perception, we found that there were no differences between carriers and noncarriers by 12 months, and that risk perception was lower at that time point than at baseline in most studies. We would have expected perceived risk to be higher among carriers of genetic mutations than in noncarriers. Most studies included standard genetic counseling procedures that included information about the disease, its mode of inheritance, the gene defect, the benefits, risks and limitations of genetic testing, overview of screening recommendations, and treatment and preventive options. Only four studies did not mention or describe the counseling provided. 13, 21, 35, 40 It was not possible to determine whether there were differences in the quality or quantity of information provided. Furthermore, it is unclear how best to present information on genetic predisposition to patients and it would seem that this standard genetic counseling may not be effectively educating patients. Further research on the optimal methods for the provision of information is required. It is possible that the lack of major differences in psychological and behavioral outcomes is attributable to a lack of differences in risk perception between groups, because perceived risk is often a strong moderator of emotion and behavior.
Most of the studies included in this review acknowledged several limitations, at times limiting the precision of the results of these studies. Most study populations included small, selfselected samples that were not representative of all individuals 32 suggested that those individuals presenting for genetic testing may have a higher perceived ability to cope with their test result and that this may explain the relatively low distress levels found among study participants. Also, several studies that assessed the behavioral impacts of genetic testing noted that the study sample was highly motivated and already involved in pretest surveillance and/or likely to adhere to screening recommendations. Many studies reported homogenous samples that included predominantly white individuals with high levels of education. Some studies also had several participants from the same family, possibly producing family specific effects. As part of the research protocol, most studies included extensive pre-and posttest counseling and education, such that results may not be generalizable to a routine clinical setting. Genetic testing was usually offered free of charge, thus observed rates of testing may be higher than expected routinely. Finally, outcome measures for perceived risk were often not validated and those for behaviors were based on self-report, therefore have the potential for recall bias. Claes et al. 33 suggested that distress measures used in the majority of these studies focus largely on detecting clinical disorder or psychopathology and may not be sensitive enough to capture the occurrence of negative emotional reactions in a "nonclinical " population. A limitation of the present review is that a search of the gray literature, particularly conference abstracts, was not conducted, and so publication bias could not be completely eliminated. Also, the vast majority of studies included in our review examined the impacts of genetic testing for familial cancer, and with only two studies focused on AD. Studies that examined the impacts of testing for multifactorial disorders aside from cancer and AD (e.g., venous thrombosis and thrombophilia) were insufficiently rigorous to meet inclusion criteria. Because only two studies were in AD and genetic predispositional testing is not part of clinical care at this time, further review will be useful if testing becomes part of clinical practice.
Despite these limitations, our review provides valuable evidence regarding the perceived risk, affective, and behavioral impact of predisposition testing for various disorders. In general, the evidence suggests that genetic testing for these disorders does not seem to lead to adverse consequences for carriers or noncarriers. Further research is required to confirm the multiple impacts of genetic testing for multifactorial disorders, particularly in regards to risk perception, disorder-specific worry, and behavioral outcomes. Results of such research will be important in evaluating the wider impacts of genetic testing at both the level of the individual and the health care system.
